Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 299 415 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 88111072.0 
© Date of filing: 11.07.88 



© int Ci*: HOI L 41/08 , H02N 2/00 



© Priority: 14.07.87 JP 176911/87 
12.09.87 JP 228799/87 

© Date of publication of application: 
18.01.89 Bulletin 89/03 

© Designated Contracting States: 
CH DE FR GB IT U NL SE 



© Applicant: HONDA ELECTRIC CO., LTD. 
20, Oyamazuka Ohiwa-cho 
Toyohashi-shi Aichi-ken(JP) 

@ Inventor: Honda, Keisuke 

62-1, Aza Shinsanbongi Sanbongi-cho 
Toyohashi-shi Aichi-ken(JP) 

© Representative: Patentanwalte Kirschner & 
Grosse 

Forstenrieder Allee 59 
D-8000 Munchen 71 (DE) 



© An ultrasonic driving device. 

© A stator is composed by two metal blocks, a 
piezoelectric vibrator and vibrators, and two elec- 
trodes, in which one electrode is divided in two at 
least, the metal blocks, the piezoelectric vibrator or 
vibrators and two electrodes are fixed by means of a 
bolt or means of adhesive thing, and a member to 
be driven composed on the nut or the end or side 
portion of the stator. 
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Background of the Invention: 



The present invention relates to an ultrasonic 
driving device comprising a stator using a ring type 
piezoelectric vibrator or vibrators and metal blocks. 

In a known ultrasonic motor using a piezoelec- 
tric vibrator, two groups of electrodes are attached 
to one side of a ring type piezoelectric ceramic, the 
two group of electrodes are so positioned that 
standing waves respectively generated by the two 
groups of electrodes are sifted every tr.2 in each 
position. The parts of the ring type piezoelectric 
vibrator corresponding to the electrode are alter- 
nately polarized in reverse. Also, the two groups of 
the electrodes are respectively connected to two 
oscillators for respectively generating alternating 
current voltages having * 2 phase shift each other. 
When the alternating current voltages from the two 
oscillators are respectively applied to the two 
groups of electrodes, the two standing waves hav- 
ing it 2 phase shift each other generate on the 
surfaces of the ring type piezoelectric vibrator and 
then progressive waves owing to an compound of 
the two standing waves generate on the surfaces of 
the ring type piezoelectric vibrator. Therefore, when 
a rotary member is put on the ring type piezoelec- 
tric vibrator and the rotary member is strongly 
pressed to the ring type piezoelectric vibrator, the 
rotary member is rotated by the progressive waves. 

In the prior ultrasonic motor, since the the ring 
type piezoelectric vibrator must be polarized in the 
many portion thereof and the two oscillators must 
be connected to the electrodes, the composition of 
the ring type piezoelectric vibrator is complex and 
the cost of the ultrasonic motor becomes expen- 
sive. 

There is known a ultrasonic motor comprising a 
Langevin type vibrator having two ring type piezo- 
electric vibrator puting between two metal blocks. 
In this ultrasonic motor, a twisting joint body is 
connected to the end of the one metal block by a 
bolt for fixing the metal blocks and the piezoelec- 
tric vibrator and a rotary member is pressed on the 
twisting joint body by a spring. 

However, the composition of the ultrasonic mo- 
tor is complex and its cost becomes expensive. 



Summary of the Invention: 



It is. therefore, the primary object of the 
present invention to provide an ultrasonic driving 
device having a simple composition. 

It is the another object of the present invention 



to provide an ultrasonic driving device having two 
divided electrodes for driving a member to be 
driven to one way or the another way. 

It is the another object of the present invention 
5 to provide an ultrasonic driving device for driving a 
member to be driven by rotary progression wave 
generating on end side portions according to the 
expantion and contraction of a piezoelectric vibrator 
or vibrators. 

to In order to accomplish the above and other 

object, the present invention provides a stator com- 
prising two metal blocks, a piezoelectric vibrator or 
vibrators and two electrodes, one electrode being 
divided in two at least, which are put between two 

75 metal blocks, and a bolt for fixing the metal blocks, 
the piezoelectric vibrator or vibrators and two elec- 
trodes by means of screws of the both sides of the 
metal blocks, and a member to be driven com- 
posed on the end or side portion of the stator. 

20 

Brief Description of the Drawings: 



25 Fig.1 shows a sectional view of an ultrasonic 

motor in the prior art. 

Fig.2 shows a plane view of a form of a 
piezoelectric vibrator and a composition of elec- 
trodes of the piezoelectric vibrator in the ultrasonic 
30 motor in Fig. 1 . 

Fig.3 shows a separated perspective view of 
the stator of an ultrasonic motor in the other prior 
art. 

Fig.4 shows a side view having a partial 
35 sectional view of an ultrasonic motor in the prior art 
of Fig.3. 

Fig. 5 shows a perspective view of a piezo- 
electric vibrator and electrodes according to the 
present invention. 
40 Fig.6 shows a plane view of a piezoelectric 

vibrator and electrodes in Fig.5. 

Fig.7 shows a perspective view of a stator 
according to the present invention. 

Fig.8 shows a separated perspective view of 
45 piezoelectric vibrators and electrodes of the stator 
in Fig 7. 

Figs.9 shows a side view of the stator in 

Rg.7. 

Fig. 10 shows a separated perspective view 
so of one portion of a stator in the other embodiment 
according to the present invention. 
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Fig. 11 shows a perspective view of a piezo- 
electric vibrator and electrodes for explaining a 
principle of the generation of rotative vibration in 
the stator in Fig. 10. 

Fig. 12 shows a separated perspective view 
of one portion of a stator in the other embodiment 
according to the present invention. 

Fig. 13 shows a side view of an ultrasonic 
driving device according to the present invention. 

Fig. 14 a perspective view of piezoelectric 
vibrators and electrodes of the stator in Fig. 13. 

Figs. 15 (a) shows a side view of stator in 
Fig. 13. Figs. 15 (b) shows wave form of longitudinal 
vibration. Figs. 15 (c) shows wave form of torsional 
vibration. 

Fig. 16 shows a side view of ultrasonic driv- 
ing device of another embodiment in the present 
invention. 

Fig. 17 shows a side view of a stator of 
another embodiment in the present invention. 

Fig. 18 shows a side view of an ultrasonic 
driving devise of another embodiment in the 
present invention. 

Fig. 19 shows a perspective view of piezo- 
electric vibrators and electrodes of the stator in 
Fig. 18. 

Fig.20 shows a side view of an ultrasonic 
driving devise of another embodiment of the 
present invention. 

Fig. 21 shows a side view of an ultrasonic 
driving devise of another embodiment of the 
present invention. 

Description of the Preferred Embodiments: 

Referring to the prior art in Fig.1, a ring type 
piezoelectric vibrator B is attached to a ring type 
resilient member A and the piezoelectric vibrator B 
vibrates with the resilient member. The piezoelec- 
tric vibrator B is divided in 17 parts by the ratio of 
e.g. 22.5° or 11.25* . The respective neighbouring 
portions in the 17 parts of the piezoelectric vibrator 
B are polarized by the reverse polarity each other 
as shown in Fig. 2. The two portions C and D in the 
one side of the piezoelectric vibrator B are respec- 
tively attached as an electrode by conductive paint 
as shown in Fig.2. The portion G in Fig.2 shows an 
earth electrode. The member F to be driven to 
which slider E is attached is mounted on the resil- 
ient member A. 

in the ultrasonic motor in the prior art, the 
alternating current voltage of V 0 sincdt is applied to 
the one electrode C and the alternating current 
voltage V 0 coso>t is applied to the other electrode D, 
where V c is instantaneous value, w is radian fre- 
quency and t is time. The phases of these voltages 



415 A2 




shift by tt/2 each other. Thereby, the divided por- 
tions of the piezoelectric vibrator B alternately arise 
expantion and contraction and thus, the resilient 
member A arises bending vibration. Therefore. 
5 standing wave is generated in the resilient member 
A and progressive wave is generated on the resil- 
ient member A. Thus, the driven member F having 
the slider E is rotated on the resilient member A. 
However, in the prior ultrasonic motor, because 
w the divided portions of the ring type piezoelectric 
vibrator B must be alternately polarized and the 
divided electrodes must be formed on the divided 
portion of the piezoelectric vibrator B, the composi- 
tion of the prior ultrasonic motor is complex. 
75 Referring the prior art in Fig.3. a piezoelectric 

vibrator 3, a terminal plate 4, a piezoelectric vibra- 
tor 5, a terminal plate 6 and an aluminum disk 7 
are put on a washer 1 and a bolt 2 is inserted to 
the center holes of these members. The screw 2a 
20 of the bolt 2 is engaged with the screw hole 8a of a 
twisting joint body 8. A drain 8b is formed on the 
under surface of the twisting joint body 8, an ar- 
cuate projections 8c are formed in the both sides 
of drain 8b and a beam 8d is so formed in the 
25 upper portion of the twisting joint body 8 that an 
angle between the beam 8d and drain 8b becomes 
a predetermined value. 

In this prior ultrasonic driving device, when 
alternating current voltage is applied through the 
30 terminal plates 4 and 6 to the piezoelectric vibra- 
tors 3 and 5 and the piezoelectric vibrators 3 and 5 
are vibrated to the direction of these thickness, the 
arcuate projections 8c of the twisting joint body 8 
are pushed and twisted by the vibration of the 
35 piezoelectric vibrators 3 and 5. Therefore, the twist- 
ing joint body 8 is vibrated to be twisted. When the 
excitation frequency of the alternating current volt- 
age approaches a resonance frequency, elliptic vi- 
bration arises on the beam 8d of the twisting joint 
40 body 8. 

Therefore, as shown in Fig. 4, a rotary member 

9 is put on the twisting joint body 8, a center bolt 

10 passed through a bearing 11 of the rotary 
member 9 fixes the twisting joint body 8, and a 

45 spring 12 is attached between the upper end of the 
bolt 10 and the bearing 11, whereby the rotary 
member 9 is strongly touched on the beam 8d of 
the twisting joint body 8 and is rotated by the 
elliptic vibration on the beam 8d. 

so However, in the prior ultrasonic motor, the 

composition of the twisting joint body 8 is complex 
and strong torque cannot be obtained by the com- 
position of the ultrasonic motor. 

Referring fo Fig. 5, a ring type piezoelectric 

55 vibrators 13 of piezoelectric ceramics and so on is 
put between a pair of electrodes 14a and 14b 
divided in two and an electrode 15. The points of 
contact of a switch 16 are connected to the elec- 
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trodes 14a and 14b and the movable contact of 
switch 16 is connected to one terminal of alternat- 
ing current power supply 17 and the other terminal 
of the alternating current power supply 17 con- 
nected to the electrode 1 5 with the ground. 

When the switch 16 is connected to the elec- 
trode 14a and alternating current voltage is applied 
from the alternating current power supply 17 to the 
electrode 1 4a, a progressive wave as shown by the 
arrow A generates in the end portion and side 
portion of the piezoelectric vibrator 13. Also, When 
the switch 16 is connected to the electrode 14a t a 
progressive wave as shown by the arrow B gen- 
erates in the end portion and side portion of the 
piezoelectric vibrator 13. 

Explaining the principle for generating the pro- 
gressive wave in the piezoelectric vibrator 13. when 
the one side portion of the piezoelectric vibrator 1 3 
is driven by supplying the voltage, the voltage 
generates in the other side portion of the piezo- 
electric vibrator 13 according to the expantion and 
contraction in the one side portion of the piezoelec- 
tric vibrator 13. The phase of the voltage generated 
in the other side portion is later than that of the 
voltage supplied to the one side portion. Therefore, 
the expantion and contraction partly generate in the 
piezoelectric vibrator 1 3 and the progressive waves 
in the arrows A and B generate in the end portion 
and side portion. 

Referring to Fig.7, Fig,8 and Fig.9. piezoelec- 
tric vibrators 20 and 21 of ceramics vibrator and so 
on are put between two metal blocks 18 and 19. 
electrodes 22 and 23 are. put between the metal 
block 18 and the piezoelectric vibrator 20 and the 
piezoelectric vibrators 20 and 21 , and a bolt 24 is 
passed through the center holes of the piezoelec- 
tric vibrators 20 and 21 and the electrodes 22 and 
23 and the both side screws 24a and 24b of the 
bolt 24 are inserted into the screws 18a and 19a of 
the metal blocks 18 and 19 and the metal blocks 
18 and 19 are fixed. The electrode 23 between the 
piezoelectric vibrators 20 and 21 is divided in two 
and a gap 25 is formed between these divided 
electrodes 23a and 23b. A stator 26 is formed by 
these composition. 

In the ultrasonic driving device of this embodi- 
ment, when the alternative current voltage is ap- 
plied to one of the terminals 23c and 23d and the 
electrode 22, one side portion of the piezoelectric 
vibrators 20 and 21 vibrates to its thickness direc- 
tion and vibrates to its radius direction according to 
the thickness direction. When torsional vibration 
generated according to the longitude-directional vi- 
bration and the radius-directional vibration is trans- 
mitted to the two metal blocks 18 and 19. the 
progressive wave generates in the end portion and 
the side portion of the stator 26. A member to be 
driven composed to the end portion and side por- 
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tion of the stator 26 is driven by the progressive 
wave. 

Referring to Fig. 10. a stator 26 having one 
piezoelectric vibrator 20 and electrodes 22 and 23 

5 divided in two and gaps 25 and 27 between the 
respective divided electrodes 22a and 22b and 23a 
and 23b of the electrodes 22 and 23 are shifted by 
90 ' each other. Insulation members 28 and 29 are 
put between the electrodes 22 and 23 and the 

io metal blocks 18 and 19 and are protected from a 
electric conduction. 

In the ultrasonic driving device composed as 
the above, when the alternative current voltage is 
applied to the electrodes 22b and 23b, the aiter- 

15 native current voltage is obliquely applied to the 
piezoelectric vibrator 20 as shown in an arrow A of 
Fig.11. the piezoelectric vibrator 20 generates tor- 
sional vibration by the thickness vibration and the 
radius vibration and the torsional vibration is am- 

20 plified by the metal blocks 18 and 19. When the 
alternative current voltage is applied between the 
electrodes 22b and 23b. compound vibration of the 
longitudinal vibration and torsional vibration is gen- 
erated by the torsional vibration of the arrow A in 

25 Fig, 11 and the progressive wave(the arrow B of 
Fig.10) generates in the end portion and the side 
portion of the stator 26 by the compound vibration. 
When the alternative current voltage is applied to 
the electrodes 22a and 23b, the progressive wave 

30 generates in the direction of the arrow B in Fig.10. 
When the alternative current voltage is applied to 
the electrodes 22a and 23a. the progressive wave 
generates in the direction of the arrow C in Fig.10. 
When the alternative current voltage is applied to 

35 the electrodes 22b and 23a. the progressive wave 
generates in the direction of the arrow B in Fig.10. 

when the member to be driven is composed 
with the stator 26. the member is rotated. 

Referring to Fig. 12. two piezoelectric vibrators 

40 20 and 21 are put between the elecxrodes 22. 23 
and 24 respectively and the electrodes 22, 23 and 
30 are respectively divided in two. The gap 28 
between the electrode 22a and 22b is shifted by 
90 * to the gap 27 between the electrodes 22a and 

45 23a. The gap 31 between the electrodes 30a and 
30b is formed in the same direction of the gap 28 
of the electrodes 22a and 22b. Insulation members 
28 and 29 are put between the electrode 22 and 
the metal block 18 and the electrode 30 and the 

so metal block 19. 

In the embodiment composed as shown in the 
above, the progressive wave generated by applying 
the alternative current voltage to the electrodes 
22a. 30a and 23a is reversed to that generated by 

55 applying the alternative current voltage to the elec- 
trodes 22a, 30a and 23b, The progressive wave 
generated by applying the alternative current volt- 
age to the electrodes 22b. 30b and 23a is reversed 
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to that generated by applying the alternative cur- 
rent voltage to the electrodes 22b, 30b and 23b. 

In the above embodiment, the gap 25 between 
the electrodes 22a and 22b. the gap 27 between 
the electrodes 22a and 22b and the gap 31 be- 
tween the electrodes 30a and 30b are shifted by 
90° each other, but the shifts between the gaps 
25, 27 and 28 may be less than 90*. In the above 
embodiment, though the metal blocks 18 and 19 
are same as each other, the metal blocks 18 and 
19 may be asymmetric each other. 

Referring to Fig. 13, an ultrasonic driving devise 
according to the present invention comprises metal 
blocks 18 and 19, two piezoelectric vibrators 20 
and 21 and divided electrodes 22a and 22b(see 
Fig. 14) and electrode 23. The male screw 24b of 
the bolt 24 is engaged the female screw of the 
metal block 19. The bolt 24 is passed through the 
center holes of the piezoelectric vibrator 20 and 21, 
the electrode 23 and metal block 18 and the male 
screw 24a of the bolt 24 is engaged by a nut 32, 
whereby a stator 26 is composed. The divided 
electrodes 22a and 22b are connected to the con- 
tacts 16a and 16b and the alternative current volt- 
age supply 17 is connected between the movable 
contact of the switch 16 and the electrode 23 
connected to the ground. 

In the embodiment, when the alternative cur- 
rent voltage is applied to the divided electrode 22a 
and the electrode 23 by connecting the movable 
contact 16c to the contact 16a, the progressive 
wave is arisen on the end and side portions of the 
metal blocks 18 and 19, the end and side portions 
of the nut 32 and the side portions of the piezo- 
electric vibrators 20 and 21 as shown by the arrow 
A. When the alternative current voltage is applied 
to the divided electrode 22b and the electrode 23 
by connecting the movable contact 16c to the 
contact 16b, the progressive wave is arisen on the 
end and side portions of the metal blocks 18 and 
19. the end and side portions of the nut 32, and the 
side portions of the piezoelectric vibrators 20 and 
21 as shown by the arrow B. Therefore, a member 
33 to be driven which is pressed to the nut 32 is 
rotated to the direction of the arrow B. 

In the stator 26, dead zones which the torsional 
vibration is not arisen are provided about center 
portions 18a and 19a of the metal blocks 18 and 
19. 

In the above embodiment, when the movable 
contact 16c of the switch 16 is connected to the 
contact 16a or 16b, the member 22 is rotated to 
the direction of the arrow A or B in strong torque. 

Explaining the drive principle of this embodi- 
ment, when the whole length of the metal blocks 18 
and 1 9 and the piezoelectric vibrators 20 and 21 in 
the stator 26 as shown in Fig. 15(a) makes identical 
with a half wave of the resonance frequency of the 



longitude vibration due to the longitude vibration of 
the piezoelectric vibrators 20 and 21 as shown in 
Fig. 15(b) and also, the hole length of the stator 26 
between the end face of the nut 32 and the end 
5 face of the metal block 19 makes identical with one 
wave of the resonance frequency of the torsional 
vibration of the piezoelectric vibrators 20 and 21 as 
shown in Fig. 15(c), strong progressive wave arises 
on the end portion of the nut 32 and the metal 
zo blocks 18 and 29 due to the compound vibration of 
the longitude vibration and the torsional vibration. 
Therefore, the member 33 to be driven is pressed 
on the stator 26 and is rotated strongly. 

Referring to Fig. 16, in the ultrasonic driving 
75 devise of the embodiment according to the above 
principle, the hole length of the metal blocks 18 
and 19 and the piezoelectric vibrators 20 and 21 
makes identical with one wave of the longitude 
vibration, the male screws 24a and 24b of the bolt 
20 24 are put on the dead zones 18a and 19a of the 
metal blocks 18 and 19 respectively, the divided 
electrodes 22a and 22b are put between the piezo- 
electric vibrators 20 and 21 and the electrode 23 is 
put between the piezoelectric vibrator 21 and the 
25 metal block 19. When the alternative current volt- 
age is applied to each of the divided electrodes 
22a and 22b, the rotary progression wave arises on 
the end portions of the metal blocks 18 and 1 9 and 
the side portions of the piezoelectric vibrators 20 
30 and 21 . 

Therefore, when the member 33 to be driven is 
pressed on the portion in which the torsional vibra- 
tion arises such as the end portion of the metal 
block 18 and the alternative current voltage is ap- 
35 plied to each of the divided electrodes 22a and 
22b. the member 33 is strongly rotated to the 
direction A or B. 

Referring to Fig. 17. in a stator of an ultrasonic 
driving devise of the other embodiment, the bolt 24 
40 is passed through holes of the metal blocks 18 and 
19, the piezoelectric vibrators 20 and 21, the di- 
vided electrodes 22a and 22b and electrode 23 and 
the screws of the both end of the bolt 24 are 
engaged with the nuts 32a and 32b, whereby the 
45 stator 26 is composed. The whole length of the 
metal blocks 18 and 19 and the piezoelectric vibra- 
tors 20 and 21 makes identical with one wave of 
the resonance frequency of the longitude vibration. 
In the stator in this embodiment, the progres- 
50 sive wave arises on the end and side portions of 
the metal blocks 18 and 19, the side portions of the 
piezoelectric vibrators 20 and 21 and the end and 
side portions of the nuts 32a and 32b, and the 
member to be driven is rotated to reversible direc- 
55 tion by applying the alternative current voltage to 
the divided electrode 22a or 22b. 

Referring to Fig. 18, 16 designates a switch. 17; 
an alternative current supply, 18 and 19; metal 
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blocks, 23: an electrode, 24: a bolt, 32: a nut, and 
33: a member to be driven, and these elements are 
same as those of the ultrasonic driving devise in 
Fig. 13. in this embodiment, piezoelectric vibrators 
20 and 21 are respectively divided in two as shown 
by 20a. 20b, 21a and 21b in Fig. 19 and an elec- 
trode is divided in two by 22a and 22b. 

In this ultrasonic driving devise, the reversible 
progressive wave due to the torsional vibration 
arises on the end and side portions of the stator 26 
by connecting the movable contact 16a to the 
contact point 16a or 16b. 

In Fig.20, a plurality of bails 34 carried with a 
rotary disk 35 are put on the stator 26 as shown in 
Fig. 13 or Fig. 18. a rotary axis is provided with an 
arm 36 attached to the side of the disk 35 and the 
balls 34 are pressed by a supporting disk 38. A 
bolt 39 is passed througn the holes of a spring 
washer 40 and the bolt 24 is engaged with a nut 41 
and the disk 38 is fixed on the nut 32 by nut 41 . 

In this embodiment, the balls 34 are rotated by 
the progressive wave on the end portion of the 
metal block 18. whereby the rotary disk 35 is 
rotated to a reverse direction by applying the alter- 
native current voltage to the divided electrode 22a 
or 22b and the rotary axis 37 is rotated to the 
reverse direction. Therefore, this ultrasonic driving 
devise can be used as an electric motor. 

In the embodiment of Fig.21. a rotary axis 37 is 
fixed with a rotary disk 35 supporting a plurality 
balls 34, is passed through the hole of a supporting 
disk 38 in a case 42 and is supported by a bearing 
43 prvided with the end protion of the case 42. The 
balls 34 are strongly contacted with the stator 26 
by a spring 44 which is supported by a cap 44 
engaged with the end of the case 42. 

In this stator 26, the piezoelectric vibrator 20. 
the divided electrodes 22a and 22b and the elec- 
trode 23 are put between the metal blocks 1 8 and 
19 and are respectively attached with each other 
by adhesive thing. 

In this embodiment, when the alternative cur- 
rent voltage is applied to each of the divided elec- 
trodes 22a and 22b, the reverse progression wave 
arises on the end and side portions of the stator 26 
and the rotary disk 35 and the rotary axis 37 are 
rotated to reverse directions by the progressive 
wave. Therefore, the ultrasonic driving devise can 
be used as an electric motor. 

In the ultrasonic driving device of the above 
embodiment, the stator may use that of Fig.7. 



Claims 

1 . An ultrasonic driving device comprising of a 
stator having two metal blocks, a piezoelectric vi- 
brator or vibrators and two electrodes, one elec- 



BNSDOCID: <EP 029941 5A2J_> 



299 415 A2 




trode being divided in two at least, which are put 
between two metal blocks, and a bolt for fixing the 
metal blocks, the piezoelectric vibrator or vibrators 
and two electrodes by means of screws of the both 
5 sides of the metal blocks, and a member to be 
driven composed on the end portion or side portion 
of the stator. 

2. An ultrasonic driving device set forth claim 1 
wherein whole length of the two metal blocks, the 

10 piezoelectric vibrator and vibrators and two elec- 
trodes makes identical with one wave of resonance 
frequency of longitude vibration. 

3. An ultrasonic driving device set forth claim 1 
wherein the member consists of a plurality of balls. 

75 a disk supporting the balls, an arm fixed with the 
side portion of the disk and a rotary axis fixed with 
the arm, and the balls are pressed with the end 
portion of the stator by a supporting disk. 

4. An ultrasonic driving device set forth claim 1 
20 wherein the member consists of a plurality of balls. 

a disk supporting the balls and a rotary axis fixed 
with the disk and supported by a bearing of a case, 
and the balls are pressed with a supporting disk by 
the end portion of the stator inserted into the case 
25 and pressed by a spring. 

5. An ultrasonic driving device set forth claim 1 
wherein a piezoelectric vibrator or vibrators are 
divided in two. 

6. An ultrasonic driving device comprising of a 
30 stator having two metal blocks, a piezoelectric vi- 
brator or vibrators and two electrodes, one elec- 
trode being divided in two at least, which are put 
between two metal blocks, and a bolt for fixing the 
metal blocks, the piezoelectric vibrator or vibrators 

35 and two electrodes by means of a nut and a screw 
of one side of the metal blocks, and a member to 
be driven composed on the nut or the end or side 
portion of the stator. 

7. An ultrasonic driving device set Forth claim 6 
40 wherein whole length of the metal blocks, the pi- 
ezoelectric vibrator and vibrators and two elec- 
trodes makes identical with a half wave of reso- 
nance frequency of longitude vibration and whole 
length of the end surfaces the nut and the one side 

45 metal block makes identical with one wave of reso- 
nance frequency of torsional vibration. 

8. An ultrasonic driving device set forth claim 6 
wherein the member consists of a plurality of balls, 
a disk supporting the balls, an arm fixed with the 

so side portion of the disk and a rotary axis fixed with 
the arm, and the balls are pressed with the end 
portion of the stator by a supporting disk. 

9. An ultrasonic driving device set forth claim 6 
wherein the member consists of a plurality of balls, 

55 a disk supporting the balls and a rotary axis fixed 
with the disk and supported by a bearing of a case. 
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and the balls are pressed with a supporting disk by 
the end portion of the stator inserted into the case 
and pressed by a spring. 

10. An ultrasonic driving device set forth claim 
6 wherein a piezoelectric vibrator or vibrators are 
divided in two. 

1 1 . An ultrasonic driving device comprising of a 
stator having two metal blocks, a piezoelectric vi- 
brator or vibrators and two electrodes, one elec- 
trode being divided in two at least, which are put 
between two metal blocks, and a bolt for fixing the 
metal blocks, the piezoelectric vibrator or vibrators 
and two electrodes with means of screws of the 
both sides of the bolt and two nut and a member 
to be driven composed on the end portion or side 
portion of the stator. 

12. An ultrasonic driving device set forth claim 
11 wherein whole length of the metal blocks, the 
piezoelectric vibrator and vibrators and two elec- 
trodes makes identical with a half wave of reso- 
nance frequency of longitude vibration and whole 
length between the end surfaces the two nut makes 
identical with one wave of resonance frequency of 
torsional vibration. 

13. An ultrasonic driving device set forth claim 
11 wherein the member consists of a plurality of 
balls, a disk supporting the balls, an arm fixed with 
the side portion of the disk and a rotary axis fixed 
with the arm, and the bails are pressed with the 
end portion of the stator by a supporting disk. 

14. An ultrasonic driving device set forth claim 
11 wherein the member consists of a plurality of 
balls, a disk supporting the balls and a rotary axis 
fixed with the disk and supported by a bearing of a 
case, and the bails are pressed with a supporting 
disk by the end portion of the stator inserted into 
the case and pressed by a spring. 

15. An ultrasonic driving device set forth claim 
1 1 wherein a piezoelectric vibrator or vibrators are 
divided in two. 

16. An ultrasonic driving device comprising of a 
stator having two metal blocks, a piezoelectric vi- 
brator or vibrators and two electrodes, one elec- 
trode being divided in two at least, which are put 
between two metal blocks, and a bolt for fixing the 
metal blocks, the piezoelectric vibrator or vibrators 
and two electrodes by means of a nut and a screw 
of one side of the metal blocks, a member to be 
driven consisting of a plurality of balls, a disk 
supporting the balls, an arm fixed with the side 
portion of the disk and a rotary axis fixed with the 
arm, and a supporting disk fixed on the end portion 
of the nut by means of a small bolt and a nut, the 
balls of the member being pressed with the end 
portion of the stator by the supporting disk. 

17. An ultrasonic driving device comprising a 
case a stator having two metal blocks, a piezoelec- 
tric vibrator or vibrators and two electrodes, one 



electrode being divided in two at least which are 
put between two metal blocks, and a bolt for fixing 
the metal blocks, the piezoelectric vibrator or vibra- 
tors and two electrodes by means of screws of the 

5 both sides of the metal blocks, and a member to 
be driven consisting of a plurality of balls, a disk 
supporting the balls and a rotary axis fixed with the 
disk and supported by a bearing of the case, the 
balls being pressed with a supporting disk by the 

70 end portion of the stator inserted into the case and 
pressed by a spring. 

18. An ultrasonic driving device comprising a 
case, a stator having two metal blocks, a piezoelec- 
tric vibrator or vibrators and two electrodes, one 

75 electrode being divided in two at least, which are 
put between two metal blocks, the metal blocks, 
the piezoelectric vibrator or vibrators and two elec- 
trodes being fixed by means of adhesive thing, and 
a member to be driven consisting of a plurality of 

20 balls, a disk supporting the balls and a rotary axis 
fixed with the disk and supported by a bearing of 
the case, the balls being pressed with a supporting 
disk by the end portion of the stator inserted into 
the case and pressed by a spring. 
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